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Description 

TECHNICAL FIELD 

The present invention relates to a method of auto- 
matically initiating regeneration of a particulate filter of 
a diesel engine, according to the preamble of claim 1 . 

BACKGROUND ART 

As is known, to safeguard the environment, increas- 
ing effort is being made, and in many countries tighter 
restrictions are being imposed, to control the exhaust of 
internal combustion engines. 

As regards diesel engines in particular, the main 
problems are due to the presence in the exhaust gas of 
nitric oxides (NO x ) and particulates, as opposed to a 
very low content of carbon monoxide (CO) and hydro- 
carbons (HC). 

To minimize the particulate content of exhaust gas, 
some systems feature, along the exhaust line, a filter for 
retaining the unburned particles of which the particulate 
is composed, and which must therefore be cleaned ("re- 
generated 1 ') periodically by burning off the trapped par- 
ticulate. 

Since combustion of the particulate is naturally ini- 
tiated automatically at high temperature - around 
500-550°C - which is only reached in particular circum- 
stances, some filters are fitted with heating elements 
which are activated periodically to heat the filter to the 
temperature at which combustion of the trapped partic- 
ulate is initiated automatically. Other systems present a 
catalyst for reducing the initiating temperature to roughly 
350°C, which solution, however, is only effective under 
medium engine load conditions. In the case of pro- 
longed low-load operation of the engine (e.g. town driv- 
ing) and/or in the presence of low external temperatures 
(in winter), the temperature of the exhaust gas is lower 
than the combustion initiating temperature, so that the 
particulate gradually builds up on the filter, thus resulting 
in increased counterpressure, impaired performance, 
increased fuel consumption and possibly even stalling 
of the engine. 

Moreover, in certain driving conditions, a high build- 
up of particulate may result in "critical" regeneration 
phenomena, in turn resulting in sudden, uncontrolled 
combustion of the particulate, heating inside the ceram- 
ic matrix of the filter, and damage to the filter itself. 

A method for regenerating a particulate filter of a 
diesel engine according to the preamble of claim 1 is 
disclosed in EP-A-0 070 619, wherein a post-injection 
phase is carried out directly in the cylinders in the ex- 
haust stroke so as to supply unburnt fuel to the filter. 
Regeneration of the filter is effected without causing a 
rise in the exhaust gas temperature. 



DISCLOSURE OF INVENTION 

It is an object of the present invention to provide a 
method of automatically initiating combustion of the par- 

5 ticulate trapped in the filter, even under engine load con- 
ditions in which the exhaust gas temperature is not guar- 
anteed equal to or above the initiating temperature of 
known systems. 

According to the present invention, there is provid- 

10 ed a method of automatically initiating regeneration of 
a particulate filter of a diesel engine comprising a main 
injection phase and an auxiliary post-injection phase in- 
cluding injection of fuel into the engine cylinders during 
the expansion stroke of the engine, characterized in that 

is the injection is carried out through a rail injection system 
so as to generate post-injected fuel combustion causing 
a rise in the exhaust gas temperature of the engine. 

BRIEF DESCRIPTION OF DRAWINGS 

20 

A preferred, non-limiting embodiment of the present 
invention will be described by way of example with ref- 
erence to the accompanying drawings, in which: 

25 Figure 1 shows a block diagram of a known diesel 
engine injection system; 

Figure 2 shows a graph of pressure and injection, 
in relation to the engine strokes, according to the 
present invention. 

30 

BEST MODE FOR CARRYING OUT THE INVENTION 

Figure 1 shows schematically a diesel engine rail 
injection system 1 of the type to which the present in- 

35 vention relates. Of system 1 , only the parts pertinent to 
the present invention are shown, the fuel conduits being 
indicated by continuous lines, and the dotted lines indi- 
cating the electric lines supplying the control and meas- 
ured quantity signals. 

40 System 1 comprises: 

a fuel (diesel fuel) tank 2: 

a high-pressure supply pump 3 connected to tank 
2 by a low-pressure conduit 4; 

45 - a pressure regulator 6 along a high-pressure line 7; 
a low-pressure fuel return conduit 8 between pres- 
sure regulator 6 and tank 2; 
a high-pressure fuel rail 9 connected to conduit 7 
and presenting one or more elements for connec- 

so tion to the injectors; 

a number of injectors 10 - one for each cylinder 11 
of engine 1 2 - connected to rail 9; 
a power control un it (central control un it) 1 6 for gov- 
eming the system components on the basis of sig- 

55 nals from various sensors, memorized maps, and 
the control strategy implemented; 
a combustion product exhaust conduit 1 7 connect- 
ed to the exhaust manifold (not shown) of engine 
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12; 

a particulate filter 18 on exhaust conduit 17; 
an intake manifold 19; 
a pressure sensor 20 on rail 9; 
a cycle sensor 21 on the camshaft (not shown) of 5 
engine 12; 

an engine speed and stroke sensor 22 on the output 
shaft 23 of the engine; and 
- a pressure sensor 24 on exhaust conduit 17, up- 
stream from particulate filter 18. 

Pressure regulator 6, injectors 10, pressure sensor 
20, cycle sensor 21 , and engine speed and stroke sen- 
sor 22 are connected to central unit 1 6 over electric data 
and control exchange lines. 

According to the present invention, in addition to the 
main injection phase controlled in the normal way by 
central unit 16, injection system 1 also provides for post- 
injecting fuel to increase the exhaust temperature of the 
engine and/or generate incomplete-combustion prod- 
ucts (HC) for reducing the ignition temperature of the 
particulate accumulated on the filter, and so assisting 
low-temperature, low-engine-load regeneration of the 
filter. 

The timing of the auxiliary post-injection phase is 
shown schematically in Figure 2 wherein a first graph 
shows the pressure at the various strokes of each cyl- 
inder; a second graph shows the location of the main 
injection (30) and post-injection (31 ) phases in three dif- 
ferent cases; TDC indicates top dead center, BDC bot- 
tom dead center, IND the induction stroke, COMP the 
compression stroke, EXP the expansion stroke, and EX 
the exhaust stroke. 

The dot-and-dash curve shows injection pressure 
under low engine load conditions; the dash-line curve 
injection pressure under medium engine load condi- 
tions; and the continuous-line curve injection pressure 
under medium-high engine load conditions. Similarly, 
timing of the main injection and post-injection phases in 
the above three cases is shown using the same graphic 
means: dot-and-dash line (low load), dash line (medium 
load), and continuous line (high load). The arrows to the 
right and left of the main injection and post-injection 
phases indicate the possibility of location and duration 
varying - being advanced, delayed, lengthened or short- 
ened - as compared with the example shown, to take 
into account the operating conditions of the engine, and 
ensure the ignition temperature of the filter at the re- 
quired conditions for optimizing engine consumption. 

According to the invention, the post-injection phase 
comprises the injection of a given quantity of fuel-air 
mixture directly into the cylinders during the expansion 
stroke EXP, when the temperature in the combustion 
chamber is still high enough for its combustion. For this 
purpose, on the basis of filter clogging values (based on 
the counterpressure of the filter and on engine speed 
and load) and predetermined algorithms, central unit 1 6 
determines when to perform the post-injection, and pos- 



sibly also timing and quantity as a function of engine 
load and speed. 

More specifically, the start angle is directly propor- 
tional to load (as shown by curve a) in Figure 2 relative 
to the lowest load) and the injected fuel quantity is in- 
versely proportional to load. In general, post-injection 
may even be performed immediately following the main 
injection, as a single injection of a duration equal to the 
sum of the two; and the amount of post-injected fuel 
ranges from a few percent of the main injection (medium 
loads) to roughly 40-50% of the maximum main injection 
values relative to the engine speed in question. 

According to one embodiment of the present inven- 
tion, as opposed to being performed in all the cylinders 
at each cycle, post- injection is alternated from one cyl- 
inder to another at successive cycles, to balance the 
thermal load of the cylinders and so enable post-injec- 
tion of smaller overall quantities than that which can be 
handled by the system with the same conditions existing 
in all the cylinders. 

Also, depending on the operating conditions of en- 
gine 12, post- inject ion may be performed in a predeter- 
mined number of consecutive or nonconsecutive cycles. 

Naturally, alternation of the cylinders, the post-in- 
jection enabling sequence in successive cycles, and the 
number of cycles in which post-injection is to be per- 
formed (overall duration) are memorized as a function 
of engine conditions in a storage element in or associ- 
ated with central unit 16. 

Post-injection may be performed in any of various 
ways. In a first solution, the operating load of the engine 
(normally already available for other processing func- 
tions) is monitored continuously to determine how long 
it remains below a predetermined limit value; and if the 
engine operates at less than full load beyond a prede- 
termined time limit, the central unit enables the post-in- 
jection phase to initiate regeneration of the filter which 
is most likely clogged. In this case, the pressure sensor 
upstream from the filter may be dispensed with. 

In a second solution, the post-injection phase is ef- 
fected periodically, regardless of engine load, the 
premise being that, generally speaking, at low engine 
speed, the filter clogs after a predetermined operating 
time, so that initiating regeneration of the filter automat- 
ically at regular intervals ensures the filter operates un- 
der acceptable conditions. This solution is best suited 
to known, constant operating modes. 

In a third solution, clogging of the filter is determined 
indirectly by monitoring, by means of sensor 24, the 
pressure upstream from the filter and which is correlated 
to the particulate buildup on the filter. In this case, cen- 
tral unit 16 provides for calculating clogging of the filter 
- normally expressed as a percentage - on the basis of 
a known algorithm, the variables of which also include 
engine speed and load, and enables the post-injection 
phase upon a predetermined percentage being 
reached. 

In a fourth solution, a combined strategy is applied. 
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3. A method as claimed in Claim 1 or 2, characterized 
in that it comprises the step of controlling said post- 
injection phase according to a memorized cycle se- 
quence. 

5 

4. A method as claimed in any one of the foregoing 
Claims, characterized in that it provides for monitor- 
ing the conditions of the engine, and for enabling 
said post-injection phase upon detection of prede- 

10 termined events continuing for a time in excess of 
a predetermined value. 

5. A method as claimed in Claim 4, characterized in 
that said engine conditions comprise engine speed 

is and load, and said events comprise engine speed 
and load falling below respective threshold values. 

6. A method as claimed in Claim 4 or 5, characterized 
in that said engine conditions comprise the degree 

20 of clogging of said particulate filter, calculated as a 
function of the pressure upstream from said partic- 
ulate filter, and of engine speed and load; and said 
events comprise said degree of clogging exceeding 
a respective threshold value. 

25 

7. A method as claimed in any one of the foregoing 
Claims from 1 to 3, characterized in that it provides 
for enabling said post- injection phase at predeter- 
mined operating time intervals. 

30 

8. A method as claimed in any one of the foregoing 
Claims, characterized in that said post-injection 
phase comprises the injection of a quantity of fuel 
as a function of engine load and speed. 

35 

9. A method as claimed in any one of the foregoing 
Claims, characterized in that said post-injection 
phase is delayed as a function of engine load and 
speed, in relation to said main injection phase. 

40 



Clogging of the filter is monitored as in the third solution, 
and, upon a predetermined threshold being reached (e. 
g. 60%), the central unit switches to standby awaiting 
the right moment in which to perform the post-injection 
phase, e.g. an engine load below a predetermined val- 
ue, and on determining such a load, enables the post- 
injection phase. Naturally, in this solution also, the cen- 
tral control unit continues to determine that clogging re- 
mains within a maximum permissible value, and, if this 
is exceeded, enables post-injection regardless of the 
operating load, to prevent damage to the filter and to 
minimize fuel consumption. 

With an electronic rail injection system of the type 
described, the post-injection phase is performed with no 
difficulty by virtue of injection being controlled electron- 
ically by the control signals supplied by central unit 16 
to injectors 10, and timing in relation to the engine 
strokes being fully flexible and in no way restricted by 
characteristics inherent in the system. 

The advantages of the present invention are as fol- 
lows. In particular, it provides for regenerating the par- 
ticulate filter under engine conditions which in them- 
selves would fail to do so. Moreover, though at first sight 
it may appear to increase fuel consumption, this is not 
so, by virtue of post-injection being performed when the 
filter is clogged (as detected on the basis of the low- 
speed operating time of the engine or the pressure up- 
stream from the filter), i.e. when fuel consumption is al- 
ready increased due to the condition of the filter. As post- 
injection provides for regenerating and hence improving 
the operating conditions of the filter, the increase in con- 
sumption due to the post-injection phase is more than 
compensated for by the reduction achieved by improv- 
ing the operating conditions of the filter. 

Moreover, the method according to the invention re- 
quires no special devices or alterations to the engine or 
injection system, but simply software control of the in- 
jector signals, so that it may be implemented easily and 
cheaply on existing electronic rail injection system con- 
trol units. 



Claims 

1 . A method of automatically initiating regeneration of 
a particulate filter of a diesel engine comprising a 
main injection phase and an auxiliary post-injection 
phase including injection of fuel into the engine cyl- 
inders during the expansion stroke of the engine, 
characterized in that the injection is carried out 
through a rail injection system so as to generate 
post-injected fuel combustion causing a rise in the 
exhaust gas temperature of the engine. 

2. A method as claimed in Claim 1, characterized in 
that said post-injection phase is performed alter- 
nately in the engine cylinders in successive cycles. 



Patentanspruche 

1 . Verfahren zum automatischen Beginnen der Rege- 
45 nerierung eines Feststoffteilchenfilters eines Die- 

selmotors, mit einer Haupteinspritzphase und einer 
zusatzlichen Nacheinspritzphase, in der wahrend 
des Arbeitshubs des Motors ein Einspritzen von 
Treibstoff in die Motorzylinder erfolgt, dadurch ge- 
so kennzeichnet, daG das Einspritzen Ober ein Rail- 
Einspritzsystem erfolgt, so dafi eine Treibstoffver- 
brennung durch Nacheinspritzung ausgelost wird, 
die ein Ansteigen der Abgastemperatur des Motors 
verursacht. 

55 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daf3 die Nacheinspritzphase in den Motorzylin- 
dern abwechselnd in aufeinanderfolgenden Zyklen 
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durchgefOhrt wird. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daB es die Stufe des Steuerns der 
Nacheinspritzphase gemaB einer gespeicherten 
Zyklussequenz umfaBt. 

4. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB vorgesehen ist, 
die Motorbedingungen zu uberwachen und die 
Nacheinspritzphase zu ermoglichen, wenn festge- 
stellt wird, daB vorgegebene Ereignisse wahrend 
einer Zeit andauern, die uber einen vorgegebenen 
Wert hinausgeht. 

5. Verfahren nach Anspruch 4, dadurch gekennzeich- 
net, daB die Motorbedingungen die Motordrehzahl 
und -last umfassen, und daB die Ereignisse die un- 
ter einen jeweiligen Schwellenwert fallende Motor- 
drehzahl und -last umfassen. 

6. Verfahren nach Anspruch 4 oder 5, dadurch ge- 
kennzeichnet, daB die Motorbedingungen den Ver- 
stopfungsgrad des Feststoffteilchenfi Iters, berech- 
net als Funktion des Drucks stromaufwarts von dem 
F eststofft e i Ich enf i Iter, sowie die Motordrehzahl und 
-last umfassen, und daB die Ereignisse den einen 
entsprechenden Schwellenwert uberschreitenden 
Verstopfungsgrad umfassen. 

7. Verfahren nach einem der vorstehenden Anspru- 
che 1 bis 3, dadurch gekennzeichnet, daB es vor- 
sieht, daB die Nacheinspritzphase in vorgegebenen 
Betriebszeitintervallen stattfinden kann. 

8. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB die Nachein- 
spritzphase das Einspritzen einer Treibstoffmenge 
als Funktion der Motorlast und -drehzahl umfaBt. 

9. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB die Nachein- 
spritzphase als Funktion der Motorlast und -dreh- 
zahl in bezug auf die Haupteinspritzphase verzo- 
gert ist. 



Elevation de la temperature des gaz d'echappe- 
ment du moteur. 

2. Procede selon la revendication 1 , caracterise en ce 
5 que ladite phase de post-injection est realisee de 

maniere altemee dans les cylindres du moteur au 
cours de cycles successifs. 

3. Procede selon la revendication 1 ou 2, caracterise 
10 en ce qu'il comprend I'etape consistant a comman- 
der ladite phase de post-injection selon une se- 
quence de cycles memorises. 

4. Proc6de selon Tune quelconque des revendications 
is precedentes, caracterise en ce qu'il procure une 

surveillance des 6tats du moteur, et en ce qu'il per- 
met ladite phase de post-injection lors de la detec- 
tion d'evenements predetermines continuant sur 
une duree depassant une valeur predeterminee. 

20 

5. Procede selon la revendication 4, caracterise en ce 
que lesdits 6tats du moteur comprennent le regime 
et la charge du moteur, et lesdits evenements com- 
prennent le regime et la charge du moteur tombant 

2$ au-dessous de vaieurs de seuil respectives. 

6. Procede selon la revendication 4 ou 5, caracterise 
en ce que lesdits Stats du moteur comprennent le 
degre d'obstruction dudit filtre a particules, calcule 

30 en fonction de la pression en amont dudit filtre a 
particules, et du regime et de la charge du moteur, 
et lesdits evenements comprennent ledit degre 
d'obstruction depassant une valeur de seuil respec- 
tive. 

35 

7. Procede selon Tune quelconque des revendications 
precedentes 1 a 3, caracterise en ce qu'il permet 
ladite phase de post- injection a des intervalles de 
temps de fonctionnement predetermines. 

40 

8. Proc6d6 selon Tune quelconque des revendications 
precedentes, caracterise en ce que ladite phase de 
post-injection comprend Pinjection d'une certaine 
quantite de carburant en fonction de la charge et du 

45 regime du moteur. 



Revendications 

1. Proced6 d'amorcage automatique de la regenera- 
tion d'un filtre a particules dans un moteur diesel 
comprenant une phase d'injection principale et une 
phase de post-injection auxiliaire comprenant Pin- 
jection de carburant dans les cylindres du moteur 
pendant la course de detente du moteur, caracteri- 
se en ce que Pinjection est realisee au moyen d'un 
systems d'injection a rail afin de g6n6rer une com- 
bustion de carburant post-in jecte entrain ant une 



9. Procede selon Pune quelconque des revendications 
pr6c6dentes, caracterise en ce que ladite phase de 
post-injection est retardee en fonction de la charge 
so et du regime du moteur, par rapport a ladite phase 
d'injection principale. 
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